Abstract A 7-valent pneumococcal polysaccharide-protein conjugate vaccine (PCV7) was licensed in the United States of America in 2000, but no comprehensive postmarketing review of safety has been carried out. We conducted a systematic review of the safety of PCV7 and other pneumococcal conjugate vaccines. A total of 42 studies were included in the review. Reactogenicity data from some randomized trials suggest that PCV7 may result in more local reactions and fever than certain comparison vaccines. However, the reactions were mild and self-limited, and PCV7 did not carry an increased risk of severe injection-site reactions or high fever. Some, although not all, of the randomized trials in children found that mild local and systemic reactions associated with PCV7 may increase with the number of doses, at least over the three-dose primary series. In addition, PCV7 and other pneumococcal conjugate vaccines were found to have tolerable reactogenicity in Native American and African populations and in medically highrisk groups for which pneumococcal vaccination is recommended. Two of the largest studies of PCVs, one involving PCV7 and the other, PCV9, found a statistically significant increased risk of hospitalization for reactive airway disease, including asthma. Another large trial of PCV9, however, did not find an increased risk of asthma. In conclusion, this review of the evidence did not identify any major safety problems with PCV7 or any other pneumococcal conjugate vaccine, with the possible exception of reactive airway disease, which may bear further scrutiny as additional data become available.
Background
In February 2000, a 7-valent pneumococcal polysaccharide-protein conjugate vaccine (PCV7; Prevnar®, Wyeth Lederle Vaccines) was licensed in the United States of America (USA). The vaccine is recommended for all children aged 2-23 months and for children aged 24-59 months who are at an increased risk of pneumococcal disease, for example, those with sickle-cell disease, human immunodeficiency virus (HIV) infection, or another immunocompromising or chronic medical condition. Healthy children receive a primary series of vaccinations at 2, 4 and 6 months of age followed by a booster dose at 12-15 months. The vaccine has been used most extensively in the USA, but it is also registered and recommended for universal infant use in 23 other countries, predominantly in North America and western Europe, and has been registered in 65 countries in which universal use recommendations have not been made. 1 In 2005, more than 26 million doses were sold globally, enough to fully vaccinate 6.5 million infants. Other pneumococcal conjugate vaccines has been developed, but none has yet been licensed. The Global Advisory Committee on Vaccine Safety (GACVS) of WHO is responsible for ensuring that adequate and ongoing attention is paid to the safety of vaccines. GACVS regularly reviews the safety profile of vaccines using postmarketing surveillance data as the body of evidence and experience with vaccine use evolves. We conducted a systematic review of the evidence for a GACVS review of the safety of PCV7 and other pneumococcal vaccines. 2 
Methods
We sought any article with original data on adverse events associated with pneumococcal conjugate vaccines. Outcomes of interest included any adverse health condition reported as being possibly associated with pneumococcal vaccine administration.
Articles were identified from systematic searches of the PubMed and Cochrane Collaboration databases, reviews of bibliographic reference lists, and consultations with experts in the field. The literature search covered all years and there was no language or other restriction. PubMed was searched using the following algorithm containing medical subject heading (MeSH) terms combined with text words: [ "pneumococcal vaccines/adverse effects" (MeSH) OR "pneumococcal vaccines/contraindications" (MeSH) OR "pneumococcal vaccines/toxicity" (MeSH)] OR [(pneumococcal vaccines) AND (erythema OR induration OR pain OR tenderness OR fever OR febrile OR death OR mortality OR SIDS OR seizure OR anaphylaxis OR allergic reaction OR rash OR urticaria OR vomiting OR diarrhoea OR serum sickness OR thrombocytopenia OR dyspnoea OR safety OR morbidity OR harm)].
The articles were independently reviewed by two epidemiologists and a senior medical epidemiologist using specially developed abstraction forms. The senior epidemiologist oversaw the work of the epidemiologists and resolved any questions.
The PubMed search identified 998 articles potentially involving pneumococcal vaccine safety. By reviewing just the titles and abstracts, we narrowed the list of potentially relevant articles to 149. Reading of texts resulted in 37 articles on pneumococcal conjugate vaccines being included in the review. References cited in reviewed articles identified three additional articles for inclusion. Suggestions of experts identified two conference abstracts and two United States Food and Drug Administration (FDA) product licensure applications. The FDA data 3, 4 supplemented data reported in two published studies. 5, 6 A summary of the design and other characteristics of the 42 published articles and two abstracts included in the review is available at: http://www.rti.org/files/PCV_Safety_ Rev_App.pdf. We also obtained unpublished data from two pharmacovigilance systems, including the United States Vaccine Adverse Events Reporting System (VAERS) 7 and the system in Quebec, Canada.
8 Both are voluntary reporting systems that accept reports of adverse events that the person filing the report suspects may have been associated with vaccination.
Results

Reactogenicity
The reactogenicity of PCV7 vaccination, including injection-site reactions and fever, has been evaluated in several randomized clinical trials. 5, 6, [9] [10] [11] [12] [13] [14] The findings of these trials are summarized in Table 1 (available at: http://www.who. int/bulletin/volumes/86/5/07-048025/ en/index.html) for reactions of any level of severity and in Table 2 for more severe reactions.
According to dose and age
When mild reactions are included (Table 1) , there is a suggestion that the prevalence of injection-site redness or fever may increase with the dose number over the first three primary PCV7 doses, 5, 6, 10, 13, 14 and several studies found the highest frequency of injection-site reactions and fever in the 12-15-month age group. 12, 14, 15 When the analysis was restricted to more severe reactions, however, the rates were substantially lower and there was little indication of a trend with dose number or age (Table 2) . Three observational studies or nonrandomized trials also provided information on how reactogenicity varied with dose number and age (Table 3) 21 for PCV11 (Table 4) .
After primary doses and booster dose
In healthy children, a booster dose of PCV7 is recommended at 12-15 months of age, following a primary series of vaccinations at 2, 4 and 6 months. In the reported randomized clinical trials, the booster dose was found to be associated with a higher incidence of injection-site reactions and fever in some of the studies, 12,14,15 but not in others. [3] [4] [5] [6] 11, 12 A variety of approaches involving different schedules of PCV7 and 23-valent pneumococcal polysaccharide vaccine (PPV23), sometimes referred to as "prime-boost" if PCV7 is followed by PPV23, have been proposed, primarily to try to increase pneumococcal strain coverage and the antibody response. Nachman et al. studied a small number of children with HIV-1 infection and found few injection-site reactions with the administration of PPV23 at 24 months among children who had received the four main PCV7 vaccinations.
22 O'Brien et al. studied children with sickle-cell disease and compared a dose schedule of three PCV7 injections as a primary series followed by PPV23 at 24 months with a schedule of one PCV7 dose at 12 months followed by PPV23 at 24 months. 23 About half of each group experienced unspecified local reactions after the PPV23 dose. All published studies of primary immunization with PCV followed by a PPV booster in healthy individuals used investigational PCVs and most reported minimal safety data. [24] [25] [26] The study that reported the most complete safety data was a randomized trial in which infants received three doses of PCV11 followed by either PCV11 or PPV23 for the fourth dose; local reaction and fever rates were higher with PPV23.
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Vaccine safety
PCV7
The most comprehensive evaluation of PCV7 safety beyond short-term reactogenicity was carried out in the pre-licensure trial conducted by Kaiser Permanente of Northern California, USA.
3,5 Apart from injection-site reactions and fever, however, most adverse events occurred infrequently. Hospitalization for asthma within 60 days of vaccination was reported to be more frequent in the PCV7 group than the comparison group, but analyses of asthma diagnoses outside of the hospital setting did not reveal an association with PCV7.
3 A group-randomized trial of PCV7 conducted in Native American children reported few data on adverse reactions. 28 The one notable safety finding was that hospitalization for otitis media occurred more frequently in PCV7 recipients than in comparison vaccine recipients, which is puzzling given that another clinical trial found that PCV7 is effective in preventing otitis media. 6 No increased risk of death following PCV7 vaccination was found in the Northern Californian or any other study. 5, 6, 22, 28 Two retrospective cohort studies of adverse events requiring medical attention in the Northern California Kaiser Permanente population have been reported as abstracts. One study found a slight increase in reactive airway disease among infants vaccinated with PCV7 compared with a historical cohort of infants vaccinated with Hib.
29 A simi- Individual case reports can serve as an early alert of a possible vaccine safety problem. An analysis of postlicensure voluntary reports to VAERS was conducted 2 years after the vaccine was licensed.
7 The majority of reports described minor adverse events. The proportion of reports involving serious events was similar to that for other vaccines. We obtained summary VAERS reports for PCV7 for the entire period of the vaccine's availability up to 31 August 2006. The updated data revealed safety profiles similar to those reported in the earlier review. The most frequently reported conditions continued to be fever, injection-site reactions, rashes (including urticaria), and irritability or agitation. We also obtained unpublished preliminary data on PCV7 adverse events reports from the pharmacovigilance system of the province of Quebec, Canada. The safety profile was similar to that observed in the VAERS reports; the most frequently reported adverse reactions in children under 5 years of age were fever, local reactions, allergic reactions and rash. Studies of PCV11 have also been reported. 21, 27, [38] [39] [40] Most of these studies have been relatively small and have reported limited data on acute injection-site reactions and systemic reactogenicity.
Other pneumococcal conjugate vaccines
The largest trial of a pneumococcal conjugate vaccine was conducted in South Africa. It included 19 922 infants vaccinated with PCV9 at 6, 10 and 14 weeks and 19 914 infants who received placebo injections. 34 Seizures of any type occurred with a similar frequency in the vaccine (n = 44) and placebo (n = 40) groups. Among children without an HIV infection, hospitalization for viral pneumonia (mostly due to respiratory syncytial virus) within 8 days of vaccination was significantly more frequent in PCV9 recipients (n = 30) than in placebo recipients (n = 15). Beyond 31 days after vaccination, hospitalization for asthma or reactive airway disease was more frequent in the PCV9 group (n = 59) than in the placebo group (n = 33), with a relative risk of 1.79 (P = 0.009).
Another large efficacy trial of PCV9 was conducted in the Gambia. It included 8718 infants vaccinated with PCV9 and 8719 placebo recipients.
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There was no difference in local reaction or fever rates between the groups. In PCV9 vaccinees, 110 serious adverse events (i.e. hospitalization or death) were observed within 7 days of vaccination, compared with 131 in placebo recipients. This included 12 deaths in the PCV9 group and 15 deaths in the placebo group. An increase in outpatient consultations after the first dose of PCV9 was reported to have been primarily related to nurses' clinical diagnoses of pneumonia (of unknown type). No increase in asthma was found.
Safety in special groups
Individuals with high-risk medical conditions
In a randomized trial of PCV7 vaccination in 30 HIV-1 infected infants, few severe injection-site or febrile reactions were detected; two children who received PCV7 and one placebo recipient died, but the deaths were not attributable to the vaccine. 22 Feikin et al. studied different schedules of PCV7 and PPV23 vaccination in HIV-infected adults; no severe adverse reactions were detected. 41 In a randomized trial of PCV5 involving 18 HIV-infected infants and 17 infants without HIV, few infants in either group developed an injection-site reaction or fever.
32 The large South African PCV9 trial did not report safety data for HIV-infected children.
34
In a study of children with sicklecell disease vaccinated with PCV7, unspecified local reactions during the three-dose primary series occurred with a similar frequency in children with (52%) and without (57%) the disease; fever > 38 °C occurred in 7% of children with sickle-cell disease and in 19% of those without. 23 Kumar et al. compared PCV7 and PPV23 in adult renal transplant recipients and found no difference in injection-site redness or pain. 42 Lin et al. found that injection-site pain was common in all groups in a study of different PCV7 and PPV23 immunization schedules among 25 children who were solid organ transplant recipients. 43 
Premature infants
In a subanalysis of the pre-licensure clinical trial in northern California, 1592 premature infants were compared with 10 402 full-term infants and found to have similar rates of local reactions and fever following vaccination with PCV7. 44 Another study compared 46 premature and 46 full-term infants immunized with PCV7; few local reactions or fevers > 39 °C occurred in either group.
45
The elderly Jackson et al. evaluated the reactogenicity of varying dosages of PCV7 in elderly individuals previously vaccinated with PPV23.
46 Injection-site reactions increased as the dosage volume increased, although even at the highest volume the local reaction rate was no higher than in the PPV23 revaccination group.
Discussion
The primary source of safety information on PCV7 comes from prelicensure trials and a few other trials that have been reported after licensure. Reactogenicity data from randomized trials suggest that PCV7 may result in more local reactions and fever than comparison vaccines, such as hepatitis B or meningococcal C conjugate. However, the reactions were mild and self-limited; PCV7 does not appear to carry an increased risk of more severe injection-site reactions or high fever. Moreover, PCV7 and other pneumococcal conjugate vaccines have generally been found to have acceptable reactogenicity in special populations and high-risk groups, including premature infants and individuals with HIV infection, sickle-cell disease or organ transplants, as well as in Native American infants.
Data on longer-term safety and rare serious adverse events are more limited than short-term reactogenicity data. The large efficacy trials of PCV7 and PCV9 were most able to address safety and for the most part no major safety problems were identified. The possible exception is respiratory adverse events. In the Northern California Kaiser Permanente trial, hospitalization for asthma within 60 days of vaccination was increased, but no increase in the asthma rate was seen in outpatient settings. Preliminary results from a separate retrospective study in the population of northern California also suggested that there was a slight increase in the risk of reactive airway disease, including asthma, in infants vaccinated with PCV7. The finding in the large South African PCV9 trial of a nearly twofold increased risk of hospitalization for reactive airway disease and asthma suggests that reactive airway disease associated with pneumococcal conjugate vaccines may bear further monitoring. In a similar vein, large PCV9 trials in both the Gambia and South Africa found an indication that medical care visits for pneumonia had increased: hospital admissions for viral pneumonia in South Africa and nurse consultations for pneumonia of an unspecified type Safety is an important consideration in making both individual and policy decisions on the use of a vaccine. Other factors, however, must also be taken into account. Foremost is the efficacy of the vaccine, which has been well established by clinical trials of PCV7. 3, 6 In the USA, PCV7 was rapidly adopted; by 2005, the coverage level for the receipt of three or more doses among children aged 19-35 months was greater than 80%. 48 The effectiveness of the vaccine has resulted in a dramatic decrease in the incidence of invasive pneumococcal disease due to vaccine strains.
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Although it is not a safety issue, one potential concern is that pneumococcal strains which are not included in the vaccine will replace vaccine strains as a cause of invasive pneumococcal disease.
4 Surveillance in the USA has found significant increases in the rates of disease caused by non-vaccine serotypes. 49 However, this increase has been small compared to the decline in invasive disease due to vaccine serotypes, except in the native Alaskan population. 50 Replacement disease is not anticipated to result in an increase in the overall pneumococcal disease burden. However, it may reduce the anticipated benefit of introducing PCV. Surveillance to document the extent of this effect in developing countries will be required.
WHO regards the inclusion of PCV7 in national immunization programmes as a priority. 51 Mild local reactions and fever do occur, but we did not identify any major safety problem associated with pneumococcal conjugate vaccines, with the possible exception of reactive airway disease. Additional data on a possible association with this disease would be valuable. Realizamos una revisión sistemática de la seguridad de la vacuna PCV7 y de otras vacunas antineumocócicas conjugadas, que abarcó en total 42 estudios. Los datos de reactogenicidad de algunos ensayos aleatorizados parecen indicar que la PCV7 puede provocar más reacciones locales y fiebre que algunas de las vacunas de comparación. Sin embargo, las reacciones fueron leves y de resolución espontánea, y la PCV7 no se asoció a un mayor riesgo de fiebre alta o de reacciones graves en el punto de inyección. En algunos, aunque no todos, de los ensayos aleatorizados realizados con niños se observó que las reacciones locales y sistémicas leves asociadas a la PCV7 tienden aparentemente a aumentar con el número de dosis, al menos en la serie primaria de tres dosis. Se observó además que la PCV7 y otras vacunas antineumocócicas conjugadas presentaban una reactogenicidad tolerable en las poblaciones africanas y de indios estadounidenses, así como en grupos de alto riesgo médico a los que se recomienda la vacunación antineumocócica. En dos de los mayores estudios realizados sobre las PCV, uno sobre la PCV7 y otro sobre la PCV9, se observó un aumento estadísticamente significativo del riesgo de hospitalización por enfermedades reactivas de las vías respiratorias, asma incluido. En otro importante ensayo sobre la PCV9, sin embargo, no se detectó un mayor riesgo de asma. En conclusión, en esta revisión de la evidencia disponible no se detectaron problemas relevantes relacionados con la seguridad ni con la PCV7 ni con otras vacunas antineumocócicas conjugadas, exceptuando quizá las enfermedades reactivas de las vías respiratorias, que pueden ser objeto de ulteriores investigaciones a medida que se obtengan nuevos datos. 
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